To evaluate predictors of the response to doxazosin, a selective alpha-adrenoceptor antagonist, when used for the treatment of lower urinary tract symptoms in men with Parkinson's disease. METHODS: In a prospective study, 33 consecutive men (mean age 59.2¡7.0 years) with Parkinson's disease and lower urinary tract symptoms were evaluated. Neurological dysfunction was assessed with the Unified Parkinson's Disease Rating Scale. Urological assessment was performed at baseline and after 12 weeks of treatment with 4 mg/day of extended-release doxazosin, including symptom evaluation with the International Continence Society male short-form questionnaire, an assessment of the impact of lower urinary tract symptoms on quality of life and urodynamics. Clinical and urodynamic predictors of response were specifically evaluated. RESULTS: Compared with the score at baseline, the total International Continence Society male short-form score was reduced after doxazosin administration, from 17.4¡7.5 to 11.1¡6.9 (p,0.001). The impact of lower urinary tract symptoms on quality of life was also significantly reduced, from 1.8¡1.1 to 1.0¡1.0 (p,0.001) and the maximum urinary flow varied from 9.3¡4.4 to 11.2¡4.6 ml/s (p = 0.025). The severity of neurological impairment was the only predictor of the clinical response. Additionally, patients with a Unified Parkinson's Disease Rating Scale score lower than 70 had a significantly higher chance of clinical improvement with doxazosin treatment than those with higher Unified Parkinson's Disease Rating Scale scores did (RR = 3.10, 95% CI = [1.15 to 5.37], p = 0.011). CONCLUSIONS: Doxazosin resulted in the improvement of lower urinary tract symptoms and the maximum flow rate and was well tolerated in men with Parkinson's disease. The response to treatment is dependent on the severity of neurological disability. 
& INTRODUCTION
Parkinson's disease (PD) is a progressive neurological disorder characterized by the degeneration of nigrostriatal dopaminergic neurons (1, 2) . Clinically, PD is characterized by rigidity, a resting tremor, bradykinesia and autonomic failure. Lower urinary tract symptoms (LUTS) are frequent in patients with PD and it is estimated that 27% to 60% of PD patients present with LUTS during the course of their disease (3) (4) (5) . The most common urinary complaints are nocturia, an intermittent flow pattern, incomplete emptying and urgency/frequency, symptoms that have a significant negative effect on patients' quality of life (QOL) (4) . Furthermore, urodynamic evaluation demonstrates abnormalities in most patients, which may include detrusor overactivity, detrusor underactivity and bladder outlet obstruction (BOO) (6, 7) .
Several factors account for the high prevalence of LUTS among patients with PD, including vesicosphincteric abnormalities secondary to the neurological disease, such as detrusor overactivity and inappropriate urethral sphincter relaxation. In addition, urinary tract comorbidities, such as benign prostatic hyperplasia (BPH) and degenerative alterations of the urinary tract associated with aging, may coexist. Thus, it is difficult to establish the role played by each one of these factors in the genesis of LUTS.
Men with PD who are bothered by their LUTS usually receive pharmacological treatment, which may include a-adrenoceptor antagonists and/or antimuscarinic agents, according to their symptoms and urodynamic findings. Although a-adrenoceptor antagonists are widely used for the treatment of LUTS in men, including PD patients, no studies have evaluated effects in this population (8, 9) . Because benign prostatic obstruction is a highly prevalent condition in older men, a group that commonly develops PD, it is important to evaluate the effect of an a-blocker for the treatment of LUTS in this population. Furthermore, it would be beneficial to be able to identify clinical prognostic factors associated with successful medical treatment of voiding dysfunction. Because several studies have shown that the severity of neurological impairment is associated with an increased risk of LUTS (3,4,10), we postulated that this parameter might also be a predictor of the pharmacological response.
& MATERIALS AND METHODS
This was a prospective, open, non-controlled clinical study (trial number ISRCTN46238855 -www.controlledtrial.com/ISRCTN46238855) that assessed the possible clinical and urodynamic predictors of the response to alpha-blocker therapy in men with PD.
Over a period of two years, a total of 48 men with an established diagnosis of PD were referred from our Neurology Department Clinic for the treatment of LUTS. The inclusion criteria were idiopathic PD and an age above 40 years. Patients with multi-system atrophy and other neurological conditions were excluded. We also excluded subjects who used any bladder or prostate medications, including alpha-blockers, 5-alpha-reductase inhibitors, antimuscarinics or phosphodiesterase-5 inhibitors, over the past six months as well as those with a history of pelvic or prostate surgery and/or radiotherapy.
This study was approved by the institutional review board of our hospital. The patients agreed to participate in the study after full disclosure of its purpose and written informed consent was obtained from all.
The severity of neurological impairment was assessed with the Unified Parkinson's Disease Rating Scale (UPDRS). The assessment of this scale was performed by the referring neurologist and all patients on anti-parkinsonian medication were assessed in the ''on'' condition. The drug regimen of each patient was also registered.
LUTS were evaluated with the International Continence Society (ICS) male short-form questionnaire (ICSmSF), which consists of 14 questions regarding voiding symptoms (ICSV), incontinence (ICSI), frequency and nocturia (ICSFN) and an additional question concerning QOL related to urinary symptoms (11) . Two questions about the duration of PD and LUTS were also included.
Patients were included irrespective of their ICSmSF score if they were bothered by their LUTS. They were specifically questioned about whether they wanted to receive medications for their symptoms and all were willing to undergo pharmacological treatment for them. All patients underwent further evaluation before medical treatment, including urinalysis; serum creatinine and prostate-specific antigen (PSA) testing; transabdominal prostate and urinary tract sonography; and full urodynamic analyses consisting of free uroflowmetry, post-void residual (PVR) volume measurement, filling cystometry and pressure-flow assessment.
BOO and detrusor contractility were assessed with the Schafer nomogram (12) . Patients with mild obstruction (areas I and II of the nomogram) were included in the unobstructed group. Only patients whose detrusor contractility was considered very weak (VW) in the nomogram were classified as having detrusor underactivity. The methods, definitions and units used conformed to the standards recommended by the ICS. Based on the urodynamic analyses, only patients with an abnormal voiding pattern in the pressure-flow assessment were included. The patients should also have had BOO, detrusor underactivity or an equivocal obstruction grade (Schafer zone II) associated with a PVR volume.150 mL.
Fifteen patients were excluded because they did not complete the urological workup (5 patients), did not meet the urodynamic criteria (5 patients) or chose not to participate in the study because they refused to repeat the urological work-up after treatment (5 patients).
A total of 33 men were prospectively enrolled in the 12-week open-label study. Each patient received 4 mg/day of extended-release doxazosin at bedtime. The men were reevaluated at 12 weeks and efficacy was assessed by analyzing treatment-related changes in the ICSmSF score, QOL, the peak flow rate (Qmax), the PVR and urodynamic parameters from baseline to week 12. Adverse events reported by the patients or observed by the investigator during the study duration were recorded.
To evaluate the utility of different clinical parameters as predictors of the response to alpha-blockers, we assessed the associations between age, the severity of neurological impairment, the duration of PD, use of levodopa, ICSmSF, LUTS duration, prostate volume and urodynamic parameters and the response to the pharmacological treatment. Treatment success (a responder) was defined as an improvement in the LUTS of $50%, as measured by the ICSmSF questionnaire.
Statistical analysis
The data are expressed as the mean ¡ standard deviation (SD) or as absolute values and fractions. Student's t test or a paired t test was used to compare continuous variables, whereas categorical variables were compared using Fisher's exact test. The significance of clinical parameters for predicting the clinical response and the best threshold to distinguish responders were assessed based on receiveroperating characteristic (ROC) curves. All tests were 2-sided, with p,0.05 considered to be statistically significant. The data were processed using commercially available statistical software (GraphPad Prism, version 5.03 for Windows, San Diego, CA, USA).
& RESULTS
The mean age of the patients was 59.2¡7.0 years (range 44 to 73 years). The neurological evaluation demonstrated a mean UPDRS score of 70.5¡20.6 (range 49 to 112). The mean duration of PD was 13.8¡7.5 years (range 4 to 30 years) and the mean duration of LUTS was 3.9¡2.9 years. All patients were taking a variety of anti-parkinsonian drugs (Table 1) . Levodopa alone or in combination with other agents was used by most (29, 87.9%) of the patients.
The mean ICSmSF score was 17.4¡7.5 (range 3.0 to 36). The most common urinary complaints were nocturia, in 31/ 33 (93.9%) patients; intermittency, in 24 (72.7%); incomplete emptying, in 21 (63.6%); urgency, in 19 (57.5%); hesitation, in 18 (54.5%); a weak stream, in 17 (51.5%); increased urinary frequency, in 17 (51.5%); and urge incontinence, in 12 (36.3%). Two patients (6.1%) had a positive urine culture at the time of the evaluation and were treated accordingly. Serum creatinine was normal in all patients and the mean PSA value was 1.7¡1.1 ng/mL (range 0.2 to 3.9 ng/mL). Additionally, the mean ultrasound-estimated prostate volume was 28.1¡7.6 mL (range 18.9 to 44.0 mL) and the mean PVR volume was 43.9¡44.0 mL (range 0 to 121 mL). Urinary tract sonography was normal in 32 patients, whereas one (3.0%) patient had bladder diverticula.
The baseline urodynamics revealed BOO in 25 (75.7%) patients, detrusor overactivity in 16 (48.4%) patients and detrusor underactivity in 6 (18.2%) patients. Doxazosin was well tolerated by most patients. Adverse events and most frequently dizziness, were usually mild and transient and led to a discontinuation of doxazosin therapy in only one patient. No clinically significant changes in neurological symptoms were observed during the study.
Effects of 12-week doxazosin treatment on LUTS: Changes from baseline
The changes in the total ICSmSF score and the subscores of voiding symptoms are summarized in Table 2 . A favorable response, defined as an improvement of $50% according to the ICSmSF questionnaire, was observed in 15 (45.4%) patients.
Effects of 12-week doxazosin treatment on urodynamic parameters: Changes from baseline
The observed changes in urodynamic parameters after doxazosin treatment are summarized in Table 3 . The peak urinary flow was the only parameter that significantly improved in response to doxazosin, varying from 9.3¡4.4 to 11.2¡4.6 (p = 0.025).
The average UPDRS score of the responders was 60.2¡12.3, as opposed to 82.8¡22.3 for the non-responders (p = 0.001). The severity of neurological impairment was a good predictor of the clinical response and the UPDRS score that best discriminated responders from non-responders was 70. Patients with a UPDRS score lower than 70 had a significantly higher chance of clinical improvement with doxazosin treatment than those with higher UPDRS scores did (RR = 3.10, 95% CI = [1.15 to 5.37], p = 0.011).
Other clinical parameters, such as age, the duration of PD, use of levodopa, the severity and duration of LUTS, prostate volume and urodynamic parameters such as the presence of detrusor overactivity and BOO, did not have a significant effect on the response to the pharmacological treatment (Table 4) .
& DISCUSSION
We are the first to show that alpha-adrenoceptor antagonist treatment is safe and effective in PD patients with LUTS. Although many clinicians have used alphablocking agents for the treatment of LUTS in this population, the effects of these medications have not been studied in a prospective and structured manner.
The non-motor symptoms of PD may represent the most disturbing symptoms experienced as the disease progresses and particularly voiding dysfunction, as it is well known that LUTS have a major impact on QOL (10). Indeed, studies using validated questionnaires have shown that over 50% of men with PD are affected by LUTS. Several factors account for the high prevalence of LUTS in this population. Neurogenic causes include detrusor overactivity, with an incidence ranging from 40 to 93% (6, 7, 13) ; impaired relaxation or bradykinesia of the urethral sphincter (13-16); and detrusor underactivity (6, 7) . Because BPH is a very common condition in the aged population and because pharmacological treatment is the first-line treatment (9), it is Table 1 -Anti-parkinsonian drug regimen taken by the patients.
Prescribed medications (number of patients)
Levodopa (8) Levodopa + ED dopamine agonists (7) Levodopa + Anticholinergics* (6) Levodopa + NED dopamine agonists + Anticholinergics (3) Levodopa + NED dopamine agonists (3) Anticholinergics* (2) Levodopa + ED dopamine agonists + NED dopamine agonists + Anticholinergics (1) Levodopa + ED dopamine agonists + Anticholinergics (1) NED dopamine agonists (1) ED dopamine agonists + Anticholinergics (1) * Anticholinergic agents for Parkinson's disease (biperiden hydrochloride and trihexyphenidyl). Legend: ED -ergot-derived; NED -non-ergot-derived. (20) . We evaluated patients for 12 weeks based on previous data indicating that the effects of a-blockers on LUTS develop fully within this time frame (17) and a significant improvement in LUTS, including voiding, incontinence, frequency and nocturia, was observed. QOL was also significantly improved after treatment. Moreover, nearly 50% of our patients had an improvement of symptoms and QOL of at least 50%. We arbitrarily chose 50% improvement because it represents a sound improvement of symptoms and has been used as a success marker, even for the indication of invasive treatments such as the implantation of a sacral neuromodulator. A significant increase in the peak flow rates was also observed. Doxazosin was well tolerated and only one patient discontinued treatment due to dizziness.
An important aspect of our study, the evaluation of parameters that might be associated with successful medical treatment. We have shown that the severity of neurological impairment was a good predictor of the clinical response and that a UPDRS score of 70 was the best discriminator of responders from non-responders. In particular, patients with a UPDRS score lower than 70 had a 3.1-fold higher chance of clinical improvement with doxazosin treatment than those with higher UPDRS scores did. Other clinical parameters, such as age, the duration of PD, use of levodopa, LUTS duration and severity, prostate volume and urodynamic parameters, did not have a significant effect on the response to doxazosin.
Previous studies have shown a correlation between parkinsonian symptoms and LUTS (4, 5) . A possible reason for this, is the role of striatal dopaminergic stimulation in bladder control, which has been shown in animal studies (21) . The worse outcomes with doxazosin treatment observed in patients with more severe neurological impairment are probably explained by the fact that in these patients, the role of neurological dysfunction is overwhelming and less likely to respond to alpha-blocking therapy.
Despite the impressive clinical improvement observed, the only obstruction-related urodynamic parameter that was significantly changed by doxazosin treatment was the maximum free flow rate. This is in accordance with the results of studies on BPH patients who failed to consistently show reductions in other parameters related to BOO upon treatment with a-blockers (18, 22) . It has been assumed that the improvement of LUTS associated with the use of ablockers is mediated by the relaxation of prostatic and/or bladder-neck smooth muscle. However, the weak association between symptom improvement and obstruction relief has led authors to suggest other mechanisms for the beneficial effects of a-blockers in elderly males, including action on a-adrenoceptors in the spinal cord (23) and bladder (24) . However, whether the effects of doxazosin are consequent to peripheral mechanisms, actions in the central nervous system or both remains speculative (9) .
In our study, an absence of obstruction was not an exclusion criterion. However, we did not include patients with detrusor overactivity and a normal voiding phase because these patients usually receive antimuscarinic agents, so their inclusion could have confounded our results. We did include patients who would usually receive an a-blocking agent as the first-line medical treatment, including those with overt BOO as well as those with equivocal obstruction and an associated increased PVR, which we arbitrarily considered to be over 150 mL. We also included patients with detrusor underactivity because, in our practice, we would offer them an alpha-blocker. It is important to emphasize that only 5/43 (11.6%) patients were excluded from the study due to urodynamic criteria, indicating that our study population is not a highly selected one and probably represents the average population of a tertiary-care center. In addition, as discussed previously, urodynamic parameters did not predict treatment outcomes. Based on these facts, routine use of urodynamic studies in PD patients who are being considered for pharmacological therapy does not appear to add information relevant to treatment decisions and evaluation of neurological impairment using the UPDRS appears to be the only predictor of outcomes. These recommendations, however, should be further investigated in future studies designed to examine the predictors of the response to pharmacological treatment in PD patients.
Although not an objective of our study, we regret that we were not able to adequately evaluate the sphincteric function of our patients. Because we could not offer videourodynamics to most patients and considering the limited quality of our electromyographic recordings, we did not have the opportunity to evaluate urethral sphincter function and to possibly improve understanding of the pathophysiology of LUTS in PD patients. However, one important aspect of our study was the evaluation of prostate volume. In our series, the mean prostate volume was 28.1 mL, which is consistent with or even lower than the volume in the general population of the same age (25) . This finding indicates that in our sample, prostate enlargement did not contribute significantly to LUTS. The heterogeneity of antiparkinsonian drugs is a problem in most studies evaluating bladder dysfunction and even those designed to evaluate the effect of anti-parkinsonian drugs on bladder function have struggled with the effects of polypharmacy (26) . During our study, no patient changed his anti-parkinsonian drug regimen. We registered all medications used by the patients to evaluate the possible effects of anti-parkinsonian agents on LUTS; as observed in most patients followed at a neurology clinic, many were on several medications pertaining to different classes of anti-parkinsonian drugs. We attempted to compare the patients based on the use of levodopa because there is certain evidence that this drug may have a degree of impact on LUTS (26) . In the present study, 29 (87.9%) patients used levodopa and 13 (39.3%) were considered as good responders, a success rate similar to the overall response rate to doxazosin. However, we acknowledge that these findings have very limited significance because the overwhelming majority of our patients received levodopa.
The lack of a control group is certainly a weakness of the study because part of the clinical improvement observed in our patients could have been secondary to a placebo effect. However, the main objective of this study was to assess the possible predictors of the response to alpha-blocker therapy in men with PD. For such a study, the inclusion of a control group is not necessary.
& CONCLUSIONS
Our study is the first to demonstrate the efficacy and safety of alpha-adrenoceptor antagonist treatment in men with PD. Doxazosin resulted in a significant improvement in LUTS within 12 weeks of therapy. An increase in the peak urinary flow rates was also observed, although no improvement in other urodynamic parameters was achieved. The severity of neurological impairment was a good predictor of the clinical response, with patients with a UPDRS score lower than 70 having a three-fold higher chance of clinical improvement than those patients with higher UPDRS scores. In contrast, urodynamic parameters did not predict treatment outcomes.
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